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Abstract: The preparation of SnO-B2O3 and SnO-SiO2 glasses by melting in Ar atomosphere was performed. The 
prepared SnO-B2O3 glasses were large enough to measure optical properties whereas the vitrification in SnO-SiO2 
system was very difficult. PbO-B2O3 and BiO1.5-B2O3 glasses were also prepared for comparison with SnO-B2O3 
glasses. The densities, glass transition temperatures, and optical properties such as refractive indices, dispersion, and 
transmission spectra of SnO-B2O3, PbO-B2O3, and BiO1.5-B2O3 glasses were measured. On the basis of the obtained 
results, the potential for SnO-B2O3 glasses as lead-free glasses is particularly discussed from the viewpoint of optical 
properties. 
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にあり、SnO ベースガラス中の Sn2+イオンは PbO ベ
ースガラス中の Pb2+イオンと同様に三方錐または正
方錐構造をとると報告されている[4]。従って、SnO 




















SnC2O4試薬を用い、直径 1.2 cm のアルミナ製タンマ
ン管を用いて融液が空気と接触する面積を低くする
































2. 実 験 
 
 SnO、B2O3、SiO2を出発原料として、アルゴン雰囲
気 下 で 溶 融 急 冷 法 に よ り xSnO·(100-x)B2O3 、 
















Table 1  Densities (ρ), glass transition temperatures (Tg), and colors of xSnO·(100-x)B2O3, xPbO·(100-x) 
B2O3 (x = 20, 30, 40, 50, 60, 70 and 75) and xBiO1.5·(100-x) B2O3 (x = 50, 60, 70 and 75) glasses. 
 Glass composition  ρ / gcm-3  Tg / °C Color 
 20SnO·80B2O3 2.519 372.1 Colorless 
 30SnO·70B2O3 2.875 400.9 Colorless 
 40SnO·60B2O3 3.219 417.6 Colorless 
 50SnO·50B2O3 3.467 403.8 Pale yellow 
 60SnO·40B2O3 3.714 393.3 Yellow 
 70SnO·30B2O3 3.960 359.2 Yellow 
 75SnO·25B2O3 4.126 344.4 Yellow 
  20PbO·80B2O3 3.345 447.3 Colorless 
 30PbO·70B2O3 4.163 453.4 Colorless 
 40PbO·60B2O3 4.922 436.8 Colorless 
 50PbO·50B2O3 5.662 382.7 Pale yellow 
 60PbO·40B2O3 6.291 338.1 Pale yellow 
 70PbO·30B2O3 6.922 292.3 Yellow 
 75PbO·25B2O3 7.177 265.8 Yellow 
 50BiO1.5·50B2O3 5.735 431.3  Pale yellow 
 60BiO1.5·40B2O3 6.520 421.4  Pale yellow 
 70BiO1.5·30B2O3 7.166 364.2  Yellow 






















































各ガラスの473, 632.8, 983.1, 1548 nmでの屈折率
Table 2  Refractive indices at wavelengths of 473, 632.8, 983.1 and 1548 nm (n473, n632.8 n983.1 and n1548, 
respectively) and Abbe numbers of xSnO·(100-x)B2O3, xPbO·(100-x) B2O3 (x = 20, 30, 40, 50, 60, 70 and 75) 
and xBiO1.5·(100-x) B2O3 (x = 50, 60, 70 and 75) glasses. 
 Glass composition  n473  n632.8 n983.1 n1548 Abbe number 
 20SnO·80B2O3 1.5974 1.5814 1.5690 1.5586 39.1 
 30SnO·70B2O3 1.6687 1.6466 1.6307 1.6190 31.3 
 40SnO·60B2O3 1.7409 1.7140 1.6938 1.6813 28.1 
 50SnO·50B2O3 1.8054 1.7698 1.7452 1.7319 23.0 
 60SnO·40B2O3 1.8776 1.8312 1.8008 1.7853 19.1 
 70SnO·30B2O3 1.9650 1.9032 1.8650 1.8479 15.7 
 75SnO·25B2O3 2.0304 1.9560 1.9116 1.8916 13.9 
 20PbO·80B2O3 1.6504 1.6345 1.6221 1.6109 43.0 
 30PbO·70B2O3 1.7364 1.7153 1.6992 1.6870 36.2 
 40PbO·60B2O3 1.8292 1.8005 1.7800 1.7667 29.8 
 50PbO·50B2O3 1.9225 1.8847 1.8582 1.8441 24.8 
 60PbO·40B2O3 2.0212 1.9700 1.9356 1.9192 20.1 
 70PbO·30B2O3 2.1423 2.0711 2.0262 2.0062 16.1 
 75PbO·25B2O3 2.1997 2.1179 2.0679 2.0462 14.7 
 50BiO1.5·50B2O3 1.9920 1.9439 1.9136 1.8968 21.1 
 60BiO1.5·40B2O3 2.1148 2.0562 2.0175 1.9988 19.2 
 70BiO1.5·30B2O3 2.2334 2.1570 2.1094 2.0879 16.2 
 75BiO1.5·25B2O3 2.3059 2.2176 2.1638 2.1402 14.8 





ν d = nd −1( )nF − nc( )     




















50mol%ではPbO-B2O3系 > SnO-B2O3系 > BiO1.5-B2O3
系、 60mol%では PbO-B2O3 系  > BiO1.5-B2O3 系  > 
















Fig. 3, 4, 5にSnO-B2O3、PbO-B2O3、BiO1.5-B2O3系ガ
ラスの透過スペクトルをそれぞれ示す。透過率は約
600〜2500 nmの範囲で約80〜90%であり、SnO-B2O3


















Fig. 1  Dependence of refractive indices at 473 
nm on SnO, PbO and BiO1.5 content in 
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Fig. 2  Dependence of Abbe numbers on SnO, 
PbO and BiO1.5 content in SnO-B2O3, 
PbO-B2O3 and BiO1.5-B2O3 glasses. 
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Fig. 3  Transmission spectra of xSnO·(100-x) 













BiO1.5含有量で比較すると、屈折率は SnO-B2O3系 < 









示し、SnO-B2O3系 > PbO-B2O3系 > BiO1.5-B2O3系の
順で高くなった。 












テグレーション，17 (1), 51 (2004). 
2. 寺井良平，鉛ガラスから鉛を除く(2)，マテリアルイン
テグレーション，17 (2), 55 (2004). 
3. W. H. Dumbaugh and J. C. Lapp, Heavy-metal oxide glasses, 
J. Am. Ceram. Soc., 75, 2315 (1992). 
4. J. F. Bent, A. C. Hannon, D. Holland, and M. M. A. Karim, 
The structure of tin silicate glasses, J. Non-Cryst. Solids, 
232-234, 300 (1998). 
5. R. Morena, Phosphate glasses as alternatives to Pb-based 
sealing frits, J. Non-Cryst. Solids, 263&264, 382 (2000). 
6. Y. Idota, T. Kubota, A. Matsufuji, Y. Maekawa, and T. 
Miyasaka, Tin-based amorphous oxide: A high-capacity 
lithium-ion-storage material, Science, 276, 1395 (1997). 
7. I. A. Courtney and J. R. Dahn, Key factors controlling the 
reversibility of the reaction of lithium with SnO2 and 
Sn2BPO6 glass, J. Electrochem. Soc., 144, 2943 (1997). 
8. K. F. E. Williams, C. E. Johnson, J. A. Johnson, D. Holland, 
and M. M. Karim, Mössbauer spectra of tin in binary Si-Sn 
oxide glasses, J. Phys.: Condens. Matter, 7, 9485 (1995). 
9. M. M. Karim and D. Holland, Physical properties of glasses 
in the system SnO-SiO2, Phys. Chem. Glasses, 36, 206  
(1995). 
10. C. Gejke, J. Swenson, R. G. Delaplané, and L. Börjesson, 
Newtron diffraction study of microscopic structure of 
SnB2O4 glass, Phys. Rev., B65, 212201 (2002). 
11. A. Hayashi, M. Nakai, M. Tatsumisago, T. Minami, Y. 















: x = 20 
: x = 30 
: x = 40 
: x = 50 
: x = 60 
: x = 70 
Wavelength / nm
: x = 75 
Fig. 4  Transmission spectra of xPbO·(100-x) 
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Fig. 5  Transmission spectra of xBiO1.5·(100- 
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